Background and Objective. This study investigated the relative effects of distributed constraint-induced therapy (CIT) and bilateral arm training (BAT) on motor performance, daily function, functional use of the affected arm, and quality of life in patients with hemiparetic stroke. Methods. A total of 60 patients were randomized to distributed CIT, BAT, or a control intervention of less specific but active therapy. Each group received intensive training for 2 hours/day, 5 days/week, for 3 weeks. Pretreatment and posttreatment measures included the Fugl-Meyer Assessment (FMA), Functional Independence Measure (FIM), Motor Activity Log (MAL), and Stroke Impact Scale (SIS). The proximal and distal scores of FMA were used to examine separate upper limb (UL) elements of movement. Results. The distributed CIT and BAT groups showed better performance in the overall and the distal part score of the FMA than the control group. The BAT group exhibited greater gains in the proximal part score of the FMA than the distributed CIT and control groups. Enhanced performance was found for the distributed CIT group in the MAL, the subtest of locomotion in the FIM, and certain domains of the SIS (eg, ADL/IADL). Conclusion. BAT may uniquely improve proximal UL motor impairment. In contrast, distributed CIT may produce greater functional gains for the affected UL in subjects with mild to moderate chronic hemiparesis.
U pper limb (UL) hemiparesis is a major factor restricting functional recovery in more than 85% of stroke patients. 1, 2 Unsuccessful use of the affected UL in stroke patients may cause "learned nonuse phenomenon," in which patients habitually rely on their unaffected UL to accomplish daily activities. 3 Constraintinduced therapy (CIT) 4, 5 has been found to be effective for overcoming learned nonuse. 2 CIT involves restraint of the unaffected UL over an extended period of time (90% of waking hours) in combination with repetition of task-specific intensive training of the affected UL (6 hours/session, 5 sessions/week, for 2 weeks). 3, 5 However, such an intensive training schedule might not be acceptable for many patients. 6 Distributed or modified forms of CIT were developed. [7] [8] [9] These forms decreased the training hours for each session (0.5 to 3 hours/session) and restraint hours per day (5 to 9 hours/day), and distributed these sessions to a long duration (3 to 10 weeks). Several studies have demonstrated the benefits of CIT or its derivatives (distributed or modified CIT), relative to traditional rehabilitation or control intervention, in improving motor capacity, functional performance, and quality of life. [3] [4] [5] [8] [9] [10] [11] [12] An alternative treatment program that is gaining increasing attention is bilateral arm training (BAT), which employs the repetitive practice of symmetrical bilateral movement (0.3 to 2.25 hours/day, 3 to 5 days/week, for 2 to 8 weeks) to improve motor performance of the affected UL. 13, 14 There are a variety of forms of BAT. 15 Some involve robot-assisted and repetitive movement training, 13, [16] [17] [18] whereas others employ repetitive practice of functional tasks. [19] [20] [21] [22] Some studies have revealed that BAT reduces UL impairment (evaluated by Fugl-Meyer Assessment [FMA]) when compared with traditional rehabilitation, 13, 17, [21] [22] [23] whereas others claim that BAT did not confer benefits on performance of impaired UL 18, 21, 22 and had limited effects on functional independence 19, 23 and spontaneous use of the affected hand. 18 Small sample sizes, differential degrees of initial impairment, and insufficient intensity of treatment may each have contributed to the lack of significant effects. Distributed CIT and BAT share similar key therapeutic elements (mass and repetitive practice with specific techniques), and both target improvement of the affected UL, although at first glance, the concept of BAT seems contradictory to the One set of opaque, numbered envelopes was prepared for each site containing cards indicating the allocated group (Figure 1 ). When a new patient was registered, a card was extracted and the relevant occupational therapist informed of the group allocation. Consequently, each group had 20 participants. All groups received intensive training for 2 hours/ day, 5 days/week, for 3 weeks. Trainings were administered during regularly scheduled occupational therapy sessions, and all other routine interdisciplinary stroke rehabilitation was continued as usual. Five therapists were trained by the primary investigators to provide consistent therapy. The training included group review of pertinent CIT and BAT literature and validation of therapists' videotaped responses to various clinical presentations.
Before and after the 3-week intervention period, clinical evaluations (FMA, Functional Independence Measure [FIM], MAL, and Stroke Impact Scale [SIS]) were administered by 3 certified occupational therapists. These 3 raters were blinded to the participant group and trained to properly administer the outcome measures. This training included careful examination of written instructions and repeated practice. Rater competence was assessed by a senior certified occupational therapist. After the 3 raters finished the assessment for all participants, we calculated the post hoc interrater reliability for FMA and FIM, and obtained high reliability (intraclass correlation coefficients 32 >.95 for both measures).
Interventions
The distributed CIT group focused on restriction of movement of the unaffected hand by placement of the hand in a mitt for 6 hours/day and intensive training of the affected UL in functional tasks for 2 hours/weekday, including reaching forward or upward to move a cup, picking up coins, picking up a utensil to take food, grasping and releasing various blocks, and other functional movements involved in daily activities. The level of challenge was adapted based on patient ability and improvement during training. Hours of mitten wearing per day were recorded by the patients and confirmed by the caregivers.
The BAT group concentrated on the simultaneous movements of both the affected and unaffected UL in functional tasks in symmetric or alternating patterns for 2 hours/weekday for 3 weeks. These functional tasks also emphasized UL movements involved in daily activities, but focused on both ULs moving synchronously, such as lifting 2 cups, picking up 2 pegs, reaching forward or upward to move blocks, grasping and releasing 2 towels, and so on. This group did not perform at-home practice as the CIT group did.
The control intervention group was designed to control for the duration and intensity of patient-therapist interactions and therapeutic activities (2 hours/day, 5 days/week, for 3 weeks). Therapy in the control intervention group involved training for hand function, coordination, balance, and movements of the affected UL, as well as compensatory practice on functional tasks with the unaffected UL or both ULs. concept of distributed CIT. 24, 25 It remains unclear whether BAT could be an alternative program through which to overcome the phenomenon of learned nonuse. 18 In addition, Whitall 25 claimed that exploring the relative effects of different researchsupported training programs is important to the design and development of efficient and effective rehabilitation programs for stroke patients. To achieve this aim, there is a need for rigorous comparison between distributed CIT and BAT. 26, 27 Although some investigations have examined the differences in treatment outcomes between unilateral and bilateral trainings, 14, 22, 28 no research to date has studied the relative effects of distributed CIT versus BAT regarding to what extent and in what situations one approach may be more beneficial than the other. This study compared the relative effects of distributed CIT versus BAT versus control intervention on motor capacity, functional performance, and quality of life. We hypothesized that both distributed CIT and BAT would elicit better performance than control intervention. In addition, distributed CIT and BAT may produce differential benefits regarding specific outcome measures (eg, motor function, use of the affected arm in real-world situation, etc).
Method Participants
A total of 60 patients (34 men and 26 women) with a mean age of 52.14 years (range, 23 to 81 years), with unilateral stroke identified by brain imaging, were recruited for the study. All patients attended the outpatient rehabilitation programs when admitted to the study and signed informed consent forms approved by the Institutional Review Board. Participants received independent examinations by an occupational therapist to determine their eligibility for inclusion according to the following criteria: (a) more than 6 months post onset of cerebrovascular accident of ischemic or hemorrhagic type; (b) Brunnstrom stage above III for proximal and distal parts of UL 29 ; (c) considerable nonuse of the affected UL (an amount of use score <2.5 on the Motor Activity Log [MAL]) 30 ; (d) no serious cognitive deficits (a score ≥24 on the Mini-Mental State Examination [MMSE]) 31 ; (e) no excessive spasticity in any joints of the affected UL (shoulder, elbow, wrist, or fingers; Modified Ashworth Scale [MAS] score ≤2 in any joint); (f) lack of participation in any experimental rehabilitation or drug studies within the past 6 months; and (g) no balance problems sufficient to compromise safety when wearing the constraint mitt. Participants were blind to the study hypotheses.
Design
This study was a randomized pretest and posttest control group design. Sixty participants were individually randomized into the distributed CIT, BAT, or control intervention groups, with the computerized (block) randomization scheme, including prestratification according to participating hospital. domains including strength, memory, emotion, communication, activities of daily living (ADLs)/instrumental ADLs, mobility, hand function, and participation using a 5-point ordinal scale, with established reliability and validity. 39 Higher scores indicate better recovery by self-perception.
Statistical Analysis
To test the relative effects of the treatment groups, we used the analysis of covariance (ANCOVA) for each variable. The pretest score (FMA, FIM, MAL, and SIS) was treated as the covariate for controlling pretreatment differences, group (distributed CIT, BAT, and control intervention) as the independent variable, and the posttest score as the dependent variable. Because the hypotheses were all prespecified, no adjustments were made to the reported P value. The effect size r was calculated for each variable to index the magnitude of group differences in performance; a large effect is represented by an r of at least .50, a moderate effect by an r of .30, and a small effect by an r of .10. 40 Fisher's least significant difference tests were used for post hoc comparisons between groups. Level of statistical significance was set at .05.
Results
There were no significant differences in the demographic and clinical characteristics of participants in the 3 groups (Table 1) . Table 2 shows the descriptive statistics and inferential
Outcome Measures
We used FMA, FIM, MAL, and SIS to evaluate motor impairment, daily function, use of the affected arm in realworld situations, and quality of life, respectively. The FMA of UL part score (maximum score, 66) assesses several dimensions of motor impairment by using a 3-point ordinal scale. Higher scores indicate better motor control. Test-retest reliability, interrater reliability, and construct validity of the test are well established. 33, 34 We also divided FMA into proximal (shoulder, elbow, and forearm) and distal (wrist and hand) parts to investigate the treatment effects on separate UL elements.
The FIM consists of 18 items divided into 6 subscales measuring self-care, sphincter control, transfer, locomotion, communication, and social cognition ability. Each item is rated from 1 to 7 based on the required level of assistance to perform the basic ADL (maximum score, 126). Higher scores demonstrate greater independent participation in daily activities. The FIM has good interrater reliability and validity. 35, 36 The MAL is a semistructured interview of patients to assess the amount of use (AOU) and quality of movement (QOM) of the affected UL in 30 important daily activities using a 6-point ordinal scale. Higher scores indicate better performance. This scale has been found to have good internal consistency, interrater reliability, and construct validity. 37, 38 The SIS was used to measure changes in quality of life. The SIS, version 3, is a 59-item self-report scale designed to assess 8 functional 
Discussion
The findings on motor performance are in a large part consistent with our hypothesis. Both distributed CIT and BAT improved overall UL performance (overall FMA score) and distal UL (distal FMA score) to a greater extent than control intervention, which was based on neurodevelopmental therapy and compensatory practice on functional activities with the unaffected UL or both ULs. BAT demonstrated unique benefits in reducing proximal UL deficits. Partially consistent with our hypotheses, distributed CIT patients perceived improved functional use of the affected UL, as measured by AOU and QOM, and rated better scores of overall quality of life (evaluated by the SIS) and the ADL domain of the SIS than BAT and control patients. Although there was no significant difference in FIM score between the 3 groups, the distributed CIT group showed significantly better performance on the locomotion subtest after intervention than the BAT and control groups.
In agreement with previous studies, 3, 4, 9, 12, 13, 17, 23 distributed CIT and BAT demonstrated greater improvement in the performance of overall UL and distal UL than control intervention. Both distributed CIT and BAT emphasize mass practice on functional tasks that may provide sufficient proprioceptive and visual feedback to reacquire motor skills. 41 The beneficial effects of distributed CIT or BAT on FMA scores did not corroborate some previous studies. 8, 18, 21, 22 The primary reason may be the small sample sizes used in the previous studies. Differences in treatment intensity 8, 21 and treatment forms 18, 22 may be additional factors. Page et al 8 Post hoc analyses revealed that, in comparison with the control intervention group, distributed CIT and BAT groups each produced greater improvements in the overall FMA score (P = .001 for CIT vs control; P < .001 for BAT vs control) and the distal part score of the FMA (P = .002 for CIT vs control; P = .008 for BAT vs control). The BAT group demonstrated greater improvement in the proximal part score of the FMA than the control intervention group (P = .008). The distributed CIT group engendered better performance in the locomotion subtest of the FIM and both aspects of MAL than the BAT group (locomotion subtest of FIM: P = .011; AOU: P = .042; QOM: P = .004) and the control intervention group (locomotion subtest of FIM: P = .037; AOU: P < .001; QOM: P = .003).
Post hoc analyses revealed that the distributed CIT group rated higher quality of life in the overall, ADL/IADL, and hand function domains of SIS than the control intervention group (SIS: P = .007; ADL/IADL domain: P = .004; hand function domain: P = .015). In addition, the distributed CIT group perceived better quality of life in the overall SIS and domains of ADL/IADL and social participation than the BAT group (SIS: P = .003; ADL/IADL domain: P = .024; social participation domain: P = .009). than the control intervention, while none of these 3 treatment protocols focused on locomotion training. Dobkin 44 suggests that a nonfunctioning arm may influence walking ability in stroke patients. The affected arm may act as a dead weight, dragging on and changing trunk alignment, thereby making it difficult to balance on the affected leg. The impaired walking ability may then result in difficulties in locomotion. Increased functional use of the affected hand after distributed CIT may have relieved the negative impact on trunk alignment and balance control, and thus resulted in improved locomotion. 44 Although most aspects of the FIM did not improve after intervention, descriptive statistics showed improved locomotion after distributed CIT and reduction of the variability of selfcare after the interventions, suggesting that these improvements were not a function of natural recovery. The distributed CIT group obtained greater gains in the overall and some individual domains of quality of life (eg, ADL/IADL and hand function) than the BAT and control groups. This finding is largely consistent with previous studies that reported the benefits of CIT for improving the overall or physical domains of quality of life. 5, 9 Because the distributed CIT program focused on the repeated practice of functional tasks, patients may be more able to improve on physical performance and daily function. In contrast, the change in quality of life score was small in the BAT group, and this may be associated with the restricted effects of BAT on use of the affected UL and daily function.
This comparative trial extended prior research on stroke motor rehabilitation by studying BAT, distributed CIT, and control intervention with intensive treatment schedule for 2 hours/day, 5 days/week, for 3 weeks. To our knowledge, no prior studies have used similar protocols with similar treatment intensity for comparison among these rehabilitation therapies. Some previous studies 9,11 compared distributed CIT with control intervention with the same treatment intensity. Other studies [19] [20] [21] [22] examined the effects of BAT involving repetitive practice on functional tasks similar to the present study but did not contrast BAT with distributed CIT. Furthermore, these studies on BAT used single-case study designs, 20, 22 employed less treatment intensity, [20] [21] [22] or adopted both symmetrical and sequential movements as training tasks in the BAT group, 19 which were different from the present study. With respect to the study design and sample size, previous studies 3, 4, [7] [8] [9] [10] [11] [12] [13] 17 used either a nonrandomized controlled trial (1 group pretest and posttest) or a randomized controlled trial with participant number ranging from 9 to 21 per group. In a randomized controlled trial, Wolf et al 5 employed a large sample size (106 or 110 participants for each group). Nevertheless, Wolf et al did not report the treatment duration for each session in the control group. The present study employed 20 participants for each group, falling into the range of participant numbers in most previous studies. Duration of therapy was kept equal for the treatment groups in our study.
The overall findings of this study suggest that BAT might be a more compelling approach to improving UL motor skills Only BAT produced significantly better motor improvements in the proximal UL than control intervention. Simultaneous activation of both hands may reduce intracortical inhibition and increase intracortical facilitation in both hemispheres and may therefore cause an additional facilitation in the affected hemisphere compared to activation of the affected hand alone. 42, 43 McCombe Waller and Whitall 26 proposed that this speculated neural effect for the affected hemisphere may have positive aftereffects for unilateral paretic movement and improve motor skills. In summary, although both distributed CIT and BAT demonstrated greater improvements in motor capacity of UL than control intervention, BAT appears to be superior to distributed CIT in improving motor impairments of the proximal UL.
As found in previous studies, 4, 5, 8, 9, 11, 12 the distributed CIT led to greater improvements in the scores of the MAL (both AOU and QOM), the SIS, or the subdomains of the SIS related to paretic upper extremity function than control intervention. Restraint of the unaffected UL may involve intentional disposition for the affected arm use and overcome the learned nonuse phenomenon. 2 Patients in the distributed CIT were forced to use the affected UL to practice daily activities and resolve the possible difficulties that they might encounter while performing daily tasks. Accordingly, in comparison with control intervention, they may have had greater improvements in functional ability and use of the affected UL in daily life, leading to enhanced overall quality of life. In contrast, BAT did not show equivalent improvements in functional performance (AOU and QOM scores) or quality of life. The nonsignificant finding on AOU and QOM is consistent with the study by Richards et al. 18 It is possible that the BAT group may have more use of the unaffected UL during daily activities because this therapy did not emphasize forced use of the affected arm. Furthermore, bilaterally symmetrical tasks of daily living are actually fewer in number than bilaterally complementary tasks, in which the 2 arms have different functions and movement patterns. 26 Patients in the BAT group may have experienced fewer functional tasks relevant for real-world life during the training and may not be able to incorporate gains in motor function into daily use.
There is no significant difference in the overall FIM score between the 3 groups, similar to the findings of the previous studies 4, 10 where no significant differences were found between the CIT and control groups. It might be that some aspects such as sphincter control, cognition, communication of the FIM, representing at least 50% of the total score, are possibly not expected to change as a result of a voluntary, physical rehabilitation intervention. The finding of this study is in contrast with the previous study 9 showing better improvement in the FIM score after CIT than after the control intervention. Participant characteristics might account for this discrepancy. Whereas the previous study employed older patients aged >65 years, this study employed both younger and elderly patients.
As an interesting finding of the study, the distributed CIT, but not BAT, facilitated better locomotion reflected by the FIM contrast, distributed CIT demonstrated greater gains in functional use of the affected UL in daily life and improved functional independence (eg, locomotion) and quality of life (eg, ADL/IADL domains) relative to BAT and control intervention. These findings emphasize the need to take domains of outcome measures into consideration when comparing stroke rehabilitation programs. than distributed CIT, especially in the proximal parts. However, distributed CIT could be an optimal approach if improving nonuse of the affected arm and increasing daily function and quality of life are the primary treatment goals. The finding that the distributed CIT group exhibited greater improvements in locomotion than the BAT or control intervention groups suggests the relevance of distributed CIT for improving this important aspect of function in addition to overcoming learned nonuse of the UL. Future CIT trials may include measures of mobility and functional ambulation.
A few limitations to this study warrant consideration. First, these study findings were based on a small trial with a varied sample representing a small percentage of all eligible patients. Caution should be exercised when generalizing the results beyond the study. Further research should recruit a larger sample to validate the findings of the present study. Second, the treatment effects were measured immediately after treatment. Therefore, it is unclear whether the benefits of intervention are retained after treatment. In addition, the lack of improvement after BAT in daily function or functional use of the affected arm might be reversed over time. Further study is needed to evaluate the immediate and long-term effects of treatment. Third, this study did not explore the motor control mechanism after intervention. Future research may use instrumental kinematic evaluation, a sensitive tool for evaluating upper extremity movements after stroke, 45, 46 to examine the effects of intervention on motor control strategy and the mechanism underlying the change.
Although the present study has demonstrated significant and moderate to large effects of distributed CIT and BAT on clinical measures of daily function and quality of life, further research is needed to explore the changes in the real lives of the patients after the treatments. For example, future research may use the accelerometry system 47 to monitor body motion, activity, and energy expenditure of the patients in free-living conditions. An additional line of research pertains to the study of the combined effects of 2 training programs (eg, BAT coupled with distributed CIT) versus a single program (eg, BAT or distributed CIT) in different types of stroke patients. 25, 26 Future research may also assess individual factors that may affect outcomes after the intervention (eg, stroke severity, side of hemiplegia, level of motor impairment, and motivation for treatment participation). Such research may reveal prognostic factors for each intervention type as it relates to outcome prediction and patient selection.
Conclusion
This study compared distributed CIT to BAT based on comprehensive outcome measures. Although both protocols improved overall UL motor skills, BAT was superior to distributed CIT in improving motor function of the proximal UL. However, the beneficial effects of BAT may not translate into improved functions of daily activities and quality of life. In
